work addresses the potential for SN access using nongimbaled antennas in the design of the small satellite using modest transmission power to achieve the necessary space-to-ground transmissions. The advantage of using the SN is in the reduction of mission costs arising from using the SN infrastructure instead of a dedicated, proprietary ground station using a similar type of communications package. From the simulations and analysis presented, we show that a modest satellite configuration can be used with the space network to achieve the data transmission goals of a number of users and thereby rival the performance achieved with proprietary ground stations. In this study, we concentrate on the return data link (from the user satellite through a TDRS to the ground data entry point). The forward command link (from the ground data entry point through a TDRS to the user satellite) will usually be a lower data rate service and the data volume will also be considerably lower than the requirements of the return link. Therefore, we assume that if the return
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Earth's Surfsce Fig. 1 . TDRS-to-satellite access geometry. In position l, no access between TDRS and user satellite. In position 2, access is possible. link requirements are satisfied, then the forward link requirements can also be satisfied.
For the conceptual design of a small satellite system, we make the following assumptions.
1) The communications subsystem is able to supply an output power of 10 W.
2) The antenna system can provide a gain of at least 5 dB over internal losses, pointing losses, polarization losses, etc.
3) The satellite is spin stabilized with the long axis of the spacecraft lying along the radial vector connecting the satellite with the center of the Earth.
4) The antenna system is surface mounted on the satellite along a radial vector connecting the satellite with the center of the Earth and pointing towards the local zenith and away from the center of the Earth. 5) Communications contact between the satellite and the SN can be initiated as the satellite sweeps past a TDRS position in its orbit as illustrated in Fig. 1 
where C is the helix circumference, N is the number of turns, S is the spacing of the turns (S = C tan(a)), 
Here, R is the radius of the Earth, h is the mean orbital height, J2 is the second-order gravitational zonal harmonic coefficient, e is the orbital eccentricity (assumed to be 0), and _ is the product of the universal gravitational constant and the mass of the Earth. half-angle at a 28.5°orbital inclination angle, Fig. 5 uses a 20°antenna half-angle and a sun-synchronous orbital inclination angle, and Fig. 6 The visibility needs to be balanced with the data rate support available with the different antenna gains. An antenna with a narrow HPBW will have a higher antenna gain than an antenna with a wider HPBW. The former antenna will be able to support a higher data rate with the same data quality. Therefore, the overall data throughput will be a function of both the contact duration and the data rate. In the next section, we look at the throughput that is available based on once the useful margin has been determined on an individual case basis.
These relationships were used to generate a listing of potential data rates as a function of satellite EIRP and slant range with the results given in Table IV .
In making the computations, we assumed that the designers of the spin-stabilized satellite have provided a communications system with an amplifier capable of supplying 10 W of output power for communicating with a TDRS. Further, we assume that the satellite designers use a 5-turn helix antenna, as described in Table II The maximum slant paths for the various orbital configurations are given in Table V with a typical value being 36000 km. These maximum slant paths correspond to the edges of the service support window and are used to set the data rate for the pass. In greater throughput is possible because the fixed rate used here is chosen to meet the bit error rate criterion at the limits of the contact duration.
